Eighty-nine consecutive patients with suspected intracranial masses were examined by auscultatory percussion in a blind study to assess the sensitivity of the procedure. Each patient underwent computed tomography (CT) of the brain as part of his medical care, and the results were compared with those of auscultatory percussion. Fiftyone of the patients had abnormal CT scans, of whom 44 (86%) had abnormal (positive) findings on auscultatory percussion; seven (13%) yielded false-negative results. Each of the patients with subdural haematomas had distinctly positive findings by auscultatory percussion. Of the 38 patients with normal CT scans, 11 had strokes with hemiparesis, and each had positive findings in the contralateral hemisphere by auscultatory percussion. The remaining 27 patients with normal CT scans were healthy; 25 had normal findings on auscultatory percussion, two (7%) gave false-positive results. Twenty subjects were studied with phonoscopy.
Introduction
Auscultatory percussion was designed to help in the early detection of intracranial masses, particularly subdural haematomas. These occur in 10% to 100o of all head injuries, with the highest incidence in the very young, the very old, and the chronic alcoholic, and are found most often in the frontoparietal region.' In acute subdural haematomas, as in extradural haematomas, the tumorous blood mass displaces the brain, leading to coma and death from brain-stem compression. They are neurosurgical emergencies and the importance of prompt diagnosis and evacuation of the clot has been emphasised.2' Chronic subdural haematoma is the most common of the meningeal haemorrhages: it is considered to be the most reversible undiagnosed neurological lesion at necropsy4 and is the most important late complication of head injuries.5 An unsuspected chronic subdural haematoma may become cystic and expand, causing symptoms that may persist for weeks or even several years.4 6 The high mortality and morbidity may be attributed to delayed diagnosis and treatment. 7 A simple physical examination that can detect the presence of intracranial disorder would be of value in the selection and prompt referral of patients for neuroradiological studies and early treatment.
Principles and technique
Sound waves are reflected and refracted by a medium of different density and physical character lying within an otherwise uniform material. The transmission of sound is impaired to the degree of the impedance mismatch between the different media.8 This concept is well known to geophysicists in studies of the earth's layers9 and was applied to auscultatory percussion of the chest'°0 1 bilaterally from the forehead to the occiput is a useful anatomical guide. The bell piece, preferably with a rubber rim, is applied on this plane beginning distal to the palpable vertical ridge on the side of the forehead and proceeding to the occiput. To avoid missing diseased areas successive applications of the stethoscope should not exceed the diameter of the bell piece. With the same technique, progressively higher planes toward the vertex are examined. The bell piece must be applied with complete contact and be evenly seated on the head: it may be applied directly to the hair without interference. Normally there is no difference in sound between both sides of the head. An intracranial mass lying in the path of the generated sound vibrations and their reception produces distinct dullness compared with the opposite side. Most of the abnormal findings have been detected in the frontoparietal temporal areas within a 6 cm plane above the helices of the ears. The difference in intensity of sound is often pronounced and in many patients may be detected quickly. It can be shown and measured by phonoscopy. With minimal practice and experience the examiner can become proficient and complete the examination within five minutes.
Patients and methods
During six months from September 1980 to March 1981 89 patients (one woman, 88 men) ranging in age from 20 to 90 years (mean 61) were admitted with suspected intracranial masses and studied consecutively. Each was examined by auscultatory percussion of the head by two or more examiners including medical residents, medical students, physician-assistants, and nurses. The patients had recently undergone or were scheduled to undergo computed tomography (CT) of the head, primarily to detect possible subdural haematomas or space-occupying lesions of the brain. Scanning schedules were obtained from a central source and most examinations performed on the same day. The examiners were unaware of the history, physical findings, or the results of the CT scan. The findings on auscultatory percussion were compared with those on the CT scan. A normal or negative finding on auscultatory percussion was considered to be false-negative if the CT scan was abnormal. An abnormal or positive examination by auscultatory percussion was not considered to be false-positive if the CT scan was normal but hemiparesis was subsequently found.
The CT scans were obtained with model GE 8800 and interpreted by neuroradiologists at two local private hospitals (St Luke's and St Alphonsus, Boise, Idaho). Phonoscopy was performed with a modified model 1602B echograph as the receiver and an Ekoline 21 video strip chart recorder (Smith Kline Instruments Inc), with a contact sensor model 21050 A/B (Hewlett Packard) and an electric vibrator for percussion (Broxodent Motor Unit 11OV AC 60 Hz, E R Squibb and Sons). The sensor has a frequency response of 002 to 2000 Hz and was hand-held and applied to the opposite sides of the head. The output cable terminates in a phone-plug connector and transmits the sound-wave signals to the receiver and recorder (paper speed 50 mm/s). Tracings on eight healthy men and women were obtained with the sensor placed at marked intervals of 3 cm from the forehead to the occiput on opposite sides of the head along horizontal planes toward the vertex: recordings were similar in amplitude and pattern at each of the marked and opposite sites of the head.
Twelve patients with brain disease were also studied by phonoscopy. The naked end of an electric toothbrush has sufficient intensity and serves as a motor unit for percussion. The vibrator should be held perpendicular to the forehead without pressure on the skin. If applied at an angle or with variable pressure the intensity and amplitude of sound vibrations may vary appreciably.
Finger percussion has been very satisfactory and is more practical for clinical use.
Results
Of the 89 patients, 51 had abnormal CT scans; 44 of these patients had abnormal findings on auscultatory percussion. In the seven patients with false-negative findings on auscultatory percussion, the CT scan showed four with diffuse cerebral atrophy, one with a small left parietal infarct, one with a 1-cm pontine tumour, and the seventh with a 2-cm thalamic mass near the midline. Follow-up examination of the seventh patient two weeks later by auscultatory percussion showed development of dullness in the right parietal region: a repeat CT scan showed enlargement of the mass to 4 cm with surrounding oedema in the right midparietal lobe. Seventeen patients had diffuse cerebral atrophy on CT scan, of whom 11 had strokes with hemiparesis without infarcts noted on the CT scan. Each of these 11 had definite dullness on auscultatory percussion in the contralateral hemisphere. There were two patients with diffuse cerebral atrophy who had unilateral dullness without neurological deficit.
The remaining 38 patients had normal CT scans. Eleven had strokes with hemiparesis: most were examined seven to 48 hours after ictus, but two patients were seen nine months and two years after the stroke. Each of the 11 had definite dullness on auscultatory percussion in the contralateral hemisphere, and these findings were not considered to be false-positive. Of the 27 patients with normal CT scans 25 had normal findings on auscultatory percussion, and there were two falsepositive findings.
In the series were 27 healthy patients; 40 with strokes, three of whom had intracerebral haemorrhages; 17 with diffuse cerebral atrophy; 12 with brain tumours, five of which were primary; two with chronic subdural haematomas; and two with obstructive hydrocephalus.
Interpretation of sounds-Though the examiners agreed that there was a distinct difference in sound between the normal and abnormal sides of the head, they often differed in their description. Some described the normal side as "louder," "hollow," "more resonant," and the opposite side as "solid" or "dull." Most described the affected side as "dull." In each of the 12 patients studied by phonoscopy differences in sound intensity by auscultatory percussion were clearly shown and measurable (see figure) .
Phonoscopy tracings of 38-year-old man with metastatic melanoma to right frontal lobe. Top: With finger percussion dullness was noted over the right frontal area: CT scan showed 2-cm lesion with surrounding oedema right frontal lobe. Sensor was applied to opposite corresponding frontal areas, and decrease in sound intensity and amplitude is shown right frontal area (right side of figure). Bottom: Using an electric vibrator (60 Hz) in place of finger percussion. A fall in intensity and amplitude is shown over right frontal area.
False findings-The false-negative findings occurred when the lesions were small or centrally located and when brain disease was diffuse and symmetrical. False-positive findings may occur when the point of percussion is altered appreciably and when the bell piece is incompletely seated. Reversing the technique by applying the bell piece to the forehead and applying percussion to the sides of the head has often resulted in false-positive findings and is not recommended.
Discussion
Auscultatory percussion appears to be especially helpful in the early detection of extradural and subdural haematomas. Clinical and experimental evidence suggests that blood or fluid in these sites is an effective barrier to the transmission of sound and causes dullness that may be striking. Since completion of the series, three additional patients were admitted with minor head injuries: in each case dullness was unmistakable on the affected I I U side and suggested the possibility of subdural haematomas, subsequently confirmed by emergency CT scans.
Like intracranial haematomas, brain lesions and other intracranial masses are media different from normal brain tissue and are also commonly associated with tissue oedema.' 6 They effectively impede the transmission of sound and produce dullness depending on the density, size, and location of the mass. Atrophic brain tissue is often accompanied by compensatory hydrocephalus with adjacent enlargement of the subarachnoid or ventricular spaces or both.6 Unequal fluid distribution may contribute to the unilateral dullness present in patients with remote cerebral infarcts, in those with obstructive hydrocephalus with asymmetrically enlarged ventricles, and possibly in some cases of diffuse cerebral atrophy.
Of special interest was the finding that CT scans of the 22 patients with strokes and hemiparesis were normal or showed only diffuse cerebral atrophy, though each had pronounced dullness by auscultatory percussion in the contralateral hemisphere. The difference in the intensity of sound transmission has been shown by phonoscopy. In a study of 133 patients with ischaemic strokes Campbell et al"3 reported that CT showed a focal lesion in 48%/" on the day of ictus. The sensitivity increased to 74%O on the tenth and eleventh days, and declined to 60%/ after a month. The findings suggest that auscultatory percussion is more sensitive than CT in detecting evidence of the brain disorder in many patients who have had strokes. The recognition of a disorder by CT depends on the absorption coefficient of photons (electron density) in a brain "slice" 8-13 mm thick.'4 The electron density determines the colour range for interpretation of the CT image and is proportional to the cube of the atomic number of the material. The CT image ranges from white (bone) with a high atomic number and electron density to shades of grey (normal brain tissue) and black (oedema, soft and liquefied infarcts, cerebrospinal fluid, air) with low atomic numbers and electron density. Among the earliest pathological changes to occur in an ischaemic infarct are cellular swelling and tissue oedema, which vary in degree with the size and age of the infarct. Since oedematous brain tissue has a lower electron density than normal brain tissue, it is imaged by CT in varying shades of grey to black in proportion to the amount of oedema. When the electron density and colour contrast is not appreciably different from that of normal brain tissue, CT may fail to detect the lesion."3 14 This may explain the relative inability of CT to detect many recent infarcts. The increase in the sensitivity of CT in the second week occurs with softening and liquefaction of the infarct,6 which then appears as a lucent black image of low electron density compared to normal brain tissue."3 14 In the presence of diffuse cerebral atrophy, however, where broad black areas and widened sulci are commonly seen, it may be difficult for the interpreting neuroradiologist to distinguish the black infarcted area in the CT image.
In contrast to CT, auscultatory percussion depends on the impairment to the transmission of sound from one medium to another because of the difference in acoustic impedance. The factors for impedance (Z) are determined as the product of the sound velocity (c) within the particular medium and its density (p) and the unit is ohm/cm.8 For example, in an air to water boundary only about 0 1 O' of the incident sound energy is transmitted while 99 9(, is reflected at the water interface. The ratio between the characteristic impedances on both sides of the boundary is high (41-5 ohm/cm to 149 000 ohm/cm, respectively) and the total impedance to sound energy increases with the depth of penetration into the medium. The impedance mismatch between the media is extreme and may easily be detected by auscultatory percussion.0 -12 Experimentally, distinct differences in sound transmission are also perceptible even when media densities are changed to approximate closely to a uniform medium. Though the impedance ratio between oedematous and normal brain tissues is undetermined, this study suggests that the total impedance to sound propagation of oedematous brain is considerably greater than that of normal brain tissue. Some forms of brain disease may be detected by auscultatory percussion when the differences in electron density may not be sufficient for detection by CT.
The technique is simple and practical and appears to be an important supplement to the conventional methods of examination in patients with suspected brain disease and intracranial masses. Dynamic changes in some brain lesions may also be detectable and may be clinically useful in following up patients. (Accepted 28 january 1982) EMOLIENT MEDICINES-The various mixtures of heat, cold, dryness, and moisture in simples, must of necessity produce variety of faculties, and operations in them, which now we come to treat of, beginning first at emolients. What is hard, and what is soft, most men know, but few are able to express. Phylosophers define that to be hard which yields not to touching, and soft to be the contrary. An emolient, or softening medicine is one which reduceth a hard substance to its proper temperature. But to leave phylosophy, and keep to physic: physicians describe hardness to be two-fold. 
